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WEIGHT, NUTRIENT ELEMENT AND PRODUCTIVITY 
STUDIES OF SEEDLINGS AND SAPLINGS 
OF EIGHT TREE SPECIES IN NATURAL ECOSYSTEMS 
Harold E. Young1 and Paul N. Carpenter2 
Studies of weight as a basic unit of measurement for primary forest 
products by Hardy and Weiland (3) led to a series of studies by Young 
et al (7, 8) and Dyer (2)of the weight and nutrient elements of com-
plete mature trees for red spruce, balsam fir, white pine, hemlock, north-
ern white cedar, white birch, red maple and aspen. These studies when 
combined with pulping studies (9) were the basis for the development 
of the Complete Tree Concept (6, 10, 11). This concept is a biological 
and technological investigation of the entire tree from the root hairs to 
leaf hairs inclusive as a prelude to intensive management of selected for-
est areas similar to agricultural crops and to utilization similar to the 
cattle and hog industries in the United States. 
The Complete Tree Concept provides a new perspective for exam-
ining the woody fiber potential of the forest. If it is possible to utilize 
the entire mature tree, then it may be possible to utilize seedlings and 
saplings as well as the woody perennials. Dyer, Chase and Young (1) 
have already obtained some information on woody perennials. The ob-
jective of this study was to obtain weight and nutrient element informa-
tion on complete trees ranging from one to 35 feet in height above 
ground for the same eight species (2, 7, 8) as a downward extension 
in size classes. 
METHODS 
In general the field, laboratory, chemical and statistical methods 
employed in the earlier studies were used in this study. Because the 
seedlings and saplings were smaller than the mature trees of the earlier 
studies, there were a few differences which will be noted. 
Trees representing all eight species were selected from stands grow-
ing on till soils in the University Forest, Stillwater, Maine. For red 
spruce, red maple and northern white cedar, two or more trees were 
selected to represent each one foot height class from one to eight feet 
and each breast height diameter class ranging from one to four inches. 
1
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For each of the other five species, one or more trees were selected to 
represent the one foot, four foot, seven foot, and 35 foot (approximately 
three inches in diameter at breast height) height above ground classes. 
A shovel and pick mattock were used to free the entire root system 
of each tree. Before removing the tree, two measurements were made 
and recorded of the crown diameter and the root diameter at right angles 
to each other. Due to the relatively small size of the trees only four 
components were recognized. These were the foliage, branches, stem 
and roots. An axe was used to separate the branches with foliage from 
the stem and the latter from the roots. These were immediately tagged 
and the smaller components were placed in large plastic bags. All of 
the tree components were placed in a large heavy-duty plastic container 
and transported immediately to the laboratory. 
The components of the larger sample trees were weighed on a 
balance with a 20 kilogram capacity and the smaller components on a 
balance of less capacity. Both balances were accurate to within one 
gram. For each tree the branches and foliage were weighed together. 
Then a random sample was made af all of the branches of the crown 
and this was weighed. The foliage from this sub-sample of branches 
was carefully removed and weighed. The proportion of foliage in the 
sub-sample was used to estimate the total weight of foliage for all of 
the branches of the crown. A disk was removed from the top of the 
root section and placed on the stage of a binocular microscope to ac-
curately count the annual rings to determine the age of the trees. 
Due to the comparatively small diameters of the branch, stem and 
root components, the bark was not separated from the wood. Two ran-
dom samples of at least 50 grams of each component when freshly cut 
(except in the case of the very small trees) were weighed. One sample 
was dried for 24 hours in an oven maintained at 70° C. and the other 
sample was dried in a different oven for 24 hours at 105° C. 
Sub-samples were randomly selected from the oven dried material 
for triple grinding in a small Wiley mill. To insure a proper proportion 
of wood and bark, disks were used in preference to pie-shaped sections 
of the components. After the completion of the grinding the spectro-
graphic procedures for determination of eleven elements, the Gunning 
modification of the Kjeldahl method of nitrogen determination and the 
use of the Computer Center for the enormous computation work were 
similar to the earlier studies. 
RESULTS 
Tables 1 and 2 depict the average and the range of eleven essential 
elements and aluminum for each species by component with all height 
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classes combined. In general, the percentage or parts per million (ppm) 
decreases from the foliage to the branches, decreases further in the stem, 
but increases in the roots approximately to the amount found in the 
branches. For each element there is a wide range for each component 
of each species. The three hardwood species and white pine have sim-
ilar, but not identical, range patterns which are strikingly different than 
the group consisting of red spruce, balsam iir and hemlock. Northern 
white cedar has a range pattern for almost each element that is dif-
ferent than either of the two groups. 
The basic results have been rearranged in table 3 to show the varia-
tion among height classes within each species when all components are 
combined. In general, the percentage, or ppm, in the one-foot class 
are higher for nearly all elements of all species. The average value per 
element per species when all height classes are combined is also listed 
in table 3. As in the case of tables 1 and 2, there are decided differences 
between species when height classes and components are combined. 
A simple linear relationship exists between the natural logarithm of 
weight ( in grams) for each of the components as well as the complete 
tree with height above ground as follows: 
Nat. Log. (weight in grams) = b0 + b (nat. log of height in feet). 
Table 4 shows the values for the equation constant (b„) and the coeffi-
cient (b) as well as the coefficient of determination (R2) for each of 
40 equations representing fresh and dry weight by components and the 
complete tree for each species. The R2 values are uniformly and marked-
ly high. 
The equations presented in table 4 were solved for ten height 
classes for each species to estimate the fresh and dry weight of each com-
ponent. These are presented in tables 5-12 inclusive. The equations were 
not used for the complete tree fresh and dry weights because the statisti-
cal procedures used would insure slightly different results than would be 
obtained by adding the weights of the components. The values for the 
complete tree in tables 5-12 inclusive were obtained simply by adding 
the weights of the components as estimated from the regression equa-
tions. The average value for each element by component and species 
as shown in tables 1 and 2 was multiplied by the appropriate dry weight 
in tables 5-12 inclusive to obtain the estimates of the total amount of 
each element by component and species in tables 5-12 inclusive. 
DISCUSSION 
In the planning stages of this study we recognized the desirability 
of obtaining information on (1) the possible differences in the amount 
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of each nutrient element in each tree component depending on the tem-
perature at which the material was dried and (2) the possible differences 
in the nutrient elements in the components in relation to tree size. At 
this point the decision was made to obtain some information on the 
same eight species previously studied in preference to putting the same 
time and effort on one or two species. Consequently only a few trees 
were sampled in each height class per species, all species were not 
sampled during the same time period during the growing season, sampling 
was not confined to one age class of foliage or one position in the crown, 
and an insufficient number of samples were obtained per tree to statisti-
cally study the effort of drying at 70°C or 105°C on the amount of 
nutrient elements present. Experiments should be conducted to de-
termine the significance of drying temperature and the differences, if any, 
among tree components of trees of different size classes. If the results 
of such a study indicated a negligible difference in the nutrient char-
acteristics of tree components regardless of tree size, then scientists could 
conduct nutritional and productivity studies with small trees with more 
confidence. 
Nutritional information similar to tables 1 and 2 has been obtained 
by Dyer, Chase and Young (1) for willow, alder and highbush blueberry 
and by Trevett (4) for lowbush blueberry. Although the nutritional 
elemental patterns for some of these woody perennials are sufficiently 
similar to place them in one group each species has a distinctive pattern 
when all elements are considered. The pattern of this group is similar 
to, but not identical with, the hardwood tree species group. One way 
of establishing the distinctiveness of the elemental patterns would be to 
collect samples from the components of the eight tree species and four 
woody perennials and determine the nutrient elements in the same man-
ner as in this and earlier studies. The "unknown" results would be given 
to a scientist who would also be given the available nutritional tables as 
a means of testing the accuracy with which he could identify species and 
tree or shrub component. 
These studies must be considered preliminary in nature for only 
six to 40 trees per species were analyzed from one soil type in one loca-
tion within the state. Despite the limited amount of basic information, 
tables were prepared to obtain some idea of the weight and amount of 
nutrient elements for complete trees and their components in the seedling 
and sapling size classes, for there is very little information of this kind 
in the literature. Further detailed studies of these and other tree species 
for all size classes ranging from seedlings to mature trees are both de-
sirable and necessary in order to understand the primary productivity 
and mineral cycling of natural ecosystems. Such information is essen-
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tial if we are to meet the demands that our rapidly expanding world pop-
ulation will place on our forests. 
PRODUCTIVITY ESTIMATES 
The 161 trees representing eight species in this study were selected 
from natural stands. Thus the majority, if not all, had grown most of 
their lives in the shade of other trees. Under such conditions age does 
not characterize tree size very well. Despite this it has been standard 
practice to use age as a variable of prime importance in the determina-
tion of the growth of an individual tree or a stand on an area basis. 
Tree size is a major constraint in present mensurational work. Due 
to utilization standards currently in vogue, there is a minimum size tree 
that is considered merchantable, and a minimum size log or bolt from 
such a tree that is considered to be merchantable. It does not follow 
that this constraint will always exist because of the technological develop-
ment in equipment already in being. The merchantable size restriction 
simply does not exist in this study, because we choose to concern our-
selves with fiber production per unit of area per unit of time for trees 
of all sizes. 
Trees growing in partial shade are generally smaller in stem diam-
eter than trees of the same size growing in the open. However, height 
can be used to characterize the size and weight of shade-grown trees as 
a means of estimating productivity. It is not possible to find an acre of 
shade-grown trees all of the same size. However, from a systems analysis 
point of view, this can be constructed as a model to analyze productivity. 
Age and height were related as follows: 
Age = btl + b (square root of height) 
This was accomplished for each species with the R2 values in each 
case exceeding 759c, except for balsam fir where the R2 was only 51%. 
The crown area for each tree was estimated by multiplying the two 
measurements of crown diameter. Crown area was related to height as 
follows: 
Crown Area (Square feet) = b„ -!- b, (Height ft.) + b, (Height 
ft.2) 
This was accomplished for each species with R2 values exceeding 
75% for every species. 
The equations relating age to height and crown area to height for 
each species were solved for the same ten height classes used in tables 
5-12. The surface area of one acre is 43,560 square feet. This was 
divided by the crown area of a single tree to estimate the number of trees 
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per acre if the entire acre were fully covered with trees of that height 
class. As mentioned earlier, this would never happen naturally, but it 
does permit a model for analytical purposes. The estimated number of 
trees per acre for each height class was then multiplied by the appro-
priate fresh weight, dry weight and nutrient element percentages or 
ppm for each component in tables 5-12 in order to prepare similar tables 
on an acre basis. 
The equations relating age and crown area separately to height and 
the set of tables similar to tables 5-12 are not included in this bulletin 
because they are not intended for general use. They are available upon 
request. For production estimates, information was extracted from tables 
5-12 concerning the dry weight for the 10, 20 and 30 foot height classes. 
The equations and graphical procedures were used to obtain weight in-
formation for the 40-foot height class. Table 13 includes this infor-
mation, plus an analysis of the productivity during the variable time 
period required to grow during each 10-foot height period for each of 
the eight species. 
The stem component of red spruce (table 13) will be used to illus-
trate the productivity information that this model provides. Inasmuch 
as the trees were 32-years-old when they were 10-feet tall and 46-years-
old when they were 20-feet tall, 14 years was required to grow from 10 
to 20-feet in height. During that 14 year period the number of trees per 
acre was reduced from 1147 to 650. There was 969 kilograms of stem 
at height 10 and 3583 kilograms of stem at 20-feet of height. This is 
a growth of 2614 kilograms (column six) during the 14-year period, or 
a. growth per acre per year (column seven) of 186.7 kilograms. Thus 
during the first 10-foot period stem growth was 30.3 kilograms per acre 
per year, 186.7 kilograms per year in the second period, 210.5 kilograms 
during the third period and 1950.1 kilograms per acre per year during 
the fourth period. 
An examination of all of the species in table 13 shows that the 
growth pattern for all species is similar, although the time period for 
each 10-foot height class period varies considerably. Production for 
all species is very slow during the first 10-foot height period regardless 
of the length of time. There is a definite increase in productivity during 
each of the next two 10-foot height periods, but the great period of pro-
duction occurs for each species during the fourth 10-foot height period. 
Selective logging has been the accepted practice in the past and is 
the dominant method at the present time in the northeast. The seedlings, 
saplings, and pole-size trees are seldom removed purposely, thus insur-
ing a residual crop. As long as harvesting is limited to trees 40 feet in 
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height there are always trees in the lower three classes. When selective 
logging is practiced, it is possible for trees to grow slowly for a long time 
and still remove a significant crop every 20 years or so. 
Some clear cutting is now being accomplished by the combined ef-
forts of chainsaw operators working with tractors and skidding equip-
ment. Equipment such as the Beloit harvester necessitates clear cutting 
in order to operate efficiently. It is also conceivable that other develop-
ments in harvesting equipment will indicate the need of clear cutting 
methods as standard procedure. Clear cutting will destroy the saplings 
and pole size trees and may eliminate many of the seedlings. At the 
present time there is insufficient information concerning the amount 
of the existing seedling crop that will survive during clear cutting. 
Let us assume that a dense stand of seedlings survives the clear cut-
ting operation. How long will it take these trees to grow to be 40 feet 
or more in height? We can assume that they will grow faster due to full 
sunlight and the absence of competition from the former overstory. We 
do not know how much faster they will grow. From the genetical 
characteristics of our northern species, primarily the ability to survive 
under adverse climatic and competitive conditions, it is rather safe to 
assume that they will continue to grow rather slowly even though in full 
sunlight. Thus table 13 indicates that considerable research effort should 
be expended in forest genetics and nutritional studies, as well as other 
management practices, in order to reduce the low early productivity 
period of our forest trees. 
Due to the clear cutting procedures and/or a lack of natural re-
generation, there may be virtually no reproduction following such oper-
ations. In such cases, especially where large areas are involved, it will 
be necessary to either plant nursery stock or carry out direct seeding to 
assure another crop of desired tree species in a relatively short period 
of time. The nursery stock can be planted within weeks or at the most 
within one year of harvesting. Natural regeneration may take 20 years 
or more and may involve successional stages of less desirable species. 
The conventional 6 by 6 foot spacing guarantees more rapid growth of 
the planted nursery stock. This again emphasizes the importance of 
forest genetics research. Furthermore, we do not know the effectiveness 
of fertilization and other management practices on plantations. Such 
information is essential in order to determine the economic significance 
which is the measure of effectiveness of such accomplishments. 
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Dyer, Chase and Young (1) studied woody perennials and obtained 
the following information: 
Species 
Alder Willow Highbush Blueberry 
Age 7 12 15 
Kilograms of 
woody fiber per 
acre per year 338 145 388 
Trevett (5) in studies of lowbush blueberry plants found that in the 
three-year cycle of burning and non-burning the stems had an average 
growth of 243 kilograms per acre per year. These woody perennials are 
producing much more per acre per year in a shorter period of time than 
any of the tree species during the period required to grow the first ten 
feet in height. Genetics research of woody perennials might take less 
total time than with tree species because of the short time before such 
plants produce their first crop of seeds. These and other woody peren-
nials are considered now to be forest weeds, so we have no knowledge 
of their growth potential if subjected to fertilization and other manage-
ment practices. 
If we remove the constriction of minimal size of woody plants 
that can be economically harvested, then we may address ourselves to 
the major problem of learning how to contribute significantly to in-
creased growth of trees and woody perennials during the first 20 years 
or less. This requires vastly increased research in genetics, in nutrition, 
and in management techniques for biological investigations of the forest 
requires time and the future will not wait. 
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. 0 1 6 -
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. 0 5 9 -
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1.1 0 . 8 -
1.8 1 .0-
1.8 1 .0-
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2 - 4 2 
1 0 - 2 0 0 
1 0 8 - 2 3 0 
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Average Amount Of Essential Elements And Aluminum By Species And Height Class (All Components Combined) 
































































































































































































Simple Linear Regression Relation Of Weight (in grams 
Eight Tree Species In Maine -
Species No. 
Red Spruce 40 
Balsam Fir 14 
Hemlock 9 
White Pine 10 
Nor the rn 34 
Whi te 
Cedar 
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TABLE 4 
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Y = bo + ta X where Y is natural logarithm of weight in grams, bo is the equation constant, b is the coefficient of X and 
X is the natural logarithm of height in feet above ground. 
R2 is the coefficient of determination or the percent of variation around the regression line accounted for by X. 
RED SPRUCE 
TABLE 5 
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U.UU4 O 1 / » Z . 3 4 3 i.-l\ IP.1HI O.UU-* »Mt*< w.\j-»v /._*</ .~ .~ - , ^ 
002 3.580 .S58 .409 .046 .004 .112 .008 1.023 2.697 
.005 6.783 .582 .683 .081 .005 .091 .018 1.671 3.265 
.003 4 875 .707 .437 .050 .004 .171 .009 1.389 2.817 
0.014 21.416 4.392 2.750 0.218 0.017 0.518 0.075 11.290 21.428 
0.006 9.862 4 062 1.949 0.066 0.007 0.230 0.063 11.505 20.193 
.004 6.092 .949 .696 .079 .006 .190 .014 1.740 4.588 
.010 14.770 1.268 1.488 .176 .011 .198 .039 3.637 7.109 
066 9.012 1.308 .808 .093 .007 .316 .017 2.568 5.207 
0.026 39.736 7.587 4.941 0.414 0.031 0.934 0.133 19.450 37.097 
0.009 14.175 5.839 2.801 0.094 0.010 .331 0.091 16.537 29.025 
.006 9.199 1.434 1.051 .119 .010 .287 .022 2.628 6.929 
.018 27.008 2.318 2.721 .322 .020 .363 .071 6.651 13.000 
010 14.514 2.106 1.302 .149 .011 .509 .027 4.136 8.387 
0.043 64.896 11.697 7.875 0.684 0.051 1.490 0.211 29.952 57.341 
0.012 19.066 7.853 3.768 0.127 0.014 0.445 0.123 22.244 39.040 
.009 12.882 2.008 1.472 .167 .013 .402 .030 3.681 9.704 
.030 44.224 3.795 4.455 .528 .033 .594 .116 10.891 21.287 
.015 21.423 3.109 1.922 .220 .017 .752 .040 6.105 12.379 
0.066 97.595 16.765 11.617 1.042 0.077 2.193 0.309 42.921 82.410 
0.015 24.497 10.090 4.841 0.163 0.017 0.572 0.157 28.580 50.160 
.012 17.126 2.669 1.957 .222 .018 .534 .040 4.893 12.900 
.045 67.102 5.759 6.760 .801 .050 .901 .175 16.525 32.299 
.020 29.775 4.321 2.671 .306 .024 1.045 .055 8.485 17.205 
0.092 138.500 22.839 16.229 1.492 0.109 3.052 0.427 58.483 112.564 
TABLE 6 
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NORTHERN WHITE CEDAR — The Fresh Weight, Dry Weight, and Nutrient Elements Expressed in Grams for the Components of Trees 
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16.567 26.767 1.069 0.207 5.152 0.459 33.907 161.239 
TABLE 10 
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TABLE 11 
RED MAPLE — The Fresh Weight, Dry Weight, and Nutrient Elements Expressed in Grams for the Components of Trees of Various Heights. 
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TABLE 13 
Production of Tree Components Per Acre Per Year by Species in Terms of Height Classes 
Red Spruce Balsam Fir 
Height 
Above 
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